huckebein encodes a predicted zinc finger transcription factor which is transiently expressed in a subset of Drosophila central nervous system precursors (neuroblasts (NBs)). We used DiI cell lineage tracing and cell fate markers to investigate the role of huckebein in the NB 1-1 and NB 2-2 cell lineages. Loss of huckebein does not switch these NBs into different NB fates, nor does it change the number of cells in their lineages; rather, it is required for glial development in the NB 1-1 lineage, and for axon pathfinding of a subset of intemeurons and motoneurons in both lineages.
Introduction
The insect central nervous system (CNS) develops from neuroblasts (NBs) which delaminate from the ventral neuroectoderm following gastrulation. NBs divide asymmetrically to produce a series of smaller ganglion mother cells (GMCs); each GMC divides once to produce a pair of post-mitotic neurons or glia. The mechanisms regulating NB formation are quite well understood (for review, see Campos-Ortega, 1993) , but the mechanisms leading to the specification of the individual NBs and their lineages are less well known. This is not for lack of candidate genes, but rather because we have only recently developed methods for uniquely identifying NBs and assaying their entire embryonic cell lineage (Doe and Technau, 1993; Buenzow and Holmgren, 1995) . A detailed map of the NBs shows that each of the 30 NBs per hemisegment is identifiable by its spatio-temporal pattern of delamination and by the expression of a characteristic set of molecular markers (Doe, 1992; Broadus et al., * Corresponding author. Tel.: +49 6131 395341; fax: 49 6131 395845; e-mail: technau@mzdmza.zdv.uni-mainz.de 1995) . In addition, individual neuroectodermal cells can be labeled with fluorescent DiI to reveal entire embryonic NB lineages (Bossing and Technau, 1994) . Each NB produces a characteristic set of neuronal and/or glial progeny (Udolph et al., 1993; Bossing and Technau, 1994) . We use molecular markers for identified neurons and glia in combination with DiI cell lineage tracing to study the CNS function of the huckebein (hkb) gene.
The hkb gene encodes a predicted zinc finger transcription factor (Weigel et al., 1990) . It is first expressed at the anterior and posterior poles of the embryo, where it is necessary to define the endodermal anlagen and later for invagination of the stomodeum (Br6nner et al., 1994; Reuter and Leptin, 1994) . After gastrulation, hkb is transiently expressed in clusters of neuroectodermal cells and in nine NBs (1-1, 2-2, 2-4, 4-2, 4-3, 4-4, 5-4, 5-5, and 7-3); CNS expression can be followed using an enhancer trap insertion at the hkb locus (5953) (Broadus et al., 1995) or by hkb RNA expression (Chu-LaGraff et al., 1995) .
Here we investigate the role of hkb in the development of two identified anterior-medial NBs (1-1 and 2-2). In wild type embryos, NB 1-1 and NB 2-2 give rise to different cell lineages in the thorax versus abdomen; the segmental differences for at least NB 1-1 are controlled by homeotic selector genes (Udolph et al., 1993; Prokop and Technau, 1994) . In hkb embryos we observe a loss of identified glia in the NB 1-1 cell lineage, and in NB 1-1 and NB 2-2 lineages there are defects in interneuron and motoneuron axon pathfinding. The function of hkb in other NB lineages will be described elsewhere (NB 4-2, Chu-LaGraff et al., 1995; NB 7-3, M. Lundell et al., unpublished results) .
Results

huckebein is required for correct axon pathfinding in the NB 1-1 lineage
We define the NB 1-1 lineage as the clone containing the characteristic aCC/pCC neurons, similar to the homologous NB 1-1 in the grasshopper embryo (du Lac et al., 1986) . The entire wild type embryonic NB 1-1 lineage has been described in both thoracic and abdominal segments (Udolph et al., 1993) (Figs. 1 and 2 ). This NB was misidentified in a previous paper (called NB 2-2 in Doe, 1992) ; it has been given the correct name in a more recent update of the NB map (Broadus et al., 1995) , and this nomenclature is used throughout this paper.
NB 1-1 delaminates from the neuroectoderm at late stage 8/early stage 9 (embryo staging according to Campos-Ortega and Hartenstein, 1985) as the most anterior/medial S 1 NB. In thoracic segments NB 1-1 produces 10-17 cells: the aCC motoneuron, which projects ipsilaterally out the intersegmental nerve (ISN) and terminates on the dorsal muscle 1; the pCC interneuron (sibling of aCC) projects ipsilaterally anteriorly for several segments in a medial fascicle of the longitudinal connective; one or two motoneurons, which project ipsilaterally out of the segmental nerve (SN); and a cluster of interneurons with ipsilateral posterior projections (Figs. 1A, C and 2A) . In abdominal segments NB 1-1 produces 9-11 cells which include both neurons and glia: the aCC/pCC neurons; a cluster of 4-6 interneurons with ipsilateral posterior projections; and 3 subperineural glial cells (dorsal A-SPG, B-SPG and ventral LV-SPG; nomenclature according to Kl~imbt and Goodman, 1991; Ito et al., 1995) (Figs. 1E,G and 2B) . Unlike the thoracic NB 1-1 clone, the abdominal NB 1-1 clone lacks the motoneurons projecting from the SN. In both thoracic and abdominal segments, the aCC/ pCC neurons are the first-born progeny of NB 1-1 (Broadus et al., 1995) .
We obtained 41 NB 1-1 clones in wild type embryos: 24 in the thorax (Figs. 1A, C and 2A) and 15 in the abdomen (Figs. 1E, G and 2B) . All had normal cell numbers, positions, and axon projections (Udolph et al., 1993) , except two clones in which the pCC projected posteriorly instead of anteriorly.
We obtained 20 NB 1-1 clones in homozygous hkb 2 embryos (hereafter called hkb embryos); 13 clones (6 thoracic and 7 abdominal) were photoconverted and examined for cell numbers, positions, and axon projections (Table 1; Figs. 1 and 2). All showed normal aCC/pCC neurons, except one abdominal clone in which the pCC projected posteriorly instead of anteriorly (which occasionally occurs in wild type embryos; see above). However, other aspects of the NB 1-1 lineage are severely altered in hkb embryos. All mutant clones halve some interneuronal projections that cross the midline (Figs. 1B,F and 2C-I), which is never observed in wild type clones, although most clones still have a few interneurons with normal posterior ipsilateral projections (n = 9). Most have aberrant contralateral projections in the anterior commissure ( Fig. 2C -G, n = 9), but they can also be in both anterior and posterior commissures of their own segment (Figs. 2H; n = 2) or in the anterior commissure of their own segment plus the posterior commissure of the next anterior segment (Table 1 ; n = 2). In addition, the ipsilateral interneuronal projections can be defective; instead of the normal posterior projection, they can project anteriorly or in multiple longitudinal fascicles (Figs. 1B,F and 2C-E). Thus, NB 1-1 in hkb embryos produces a subset of interneurons with variable axon pathfinding defects, whereas the early-born aCC/pCC neurons have normal axon projections.
In addition to the interneuronal axon pathfinding defects mentioned above, hkb embryos have thoracicspecific abnormalities in the NB 1-1 clone (n = 6). The motoneuron which normally projects from the SN shows axon pathfinding defects; it has either no projection (n = 2), a projection that terminates prematurely in the SN (n = 1), or a projection into the anterior root of the ISN (n = 3) (Figs. 1B, D and 2C, E, G) . In addition, in five thoracic clones there is a large cell located abnormally close to the aCC/pCC neurons; it either has no detectable projection (n = 4) or an interneuronal projection across the anterior commissure (n = 1). It is not certain whether this large dorsal cell is the same as the additional motoneuron in the thoracic wild type lineage.
huckebein is required for glial development in the abdominal NB 1-1 lineage
The abdominal NB 1-1 lineage produces three glial cells (dorsal A-SPG, B-SPG and ventral LV-SPG) which can be detected by expression of hkb-lacZ (Fig. 3) . In hkb embryos, all glial cells are missing from the abdominal NB 1-1 clone. We confirmed the specific loss of these glia by using the cell-specific glial markers M84 (Kl~imbt and Goodman, 1991) and repo (Campbell et al., 1994; Halter et al., 1995) ; other glia are normal (Fig. 4) . Despite the loss of the three glial cells, the total number of cells in the mutant NB 1-1 clone corresponds to wild type ( Table  1 ). The interneuronal cluster now contains 7-8 cells of neuronal morphology instead of the normal 4-6 cells ( Fig. 1G,H) , and the increased number of interneuron cell ,' ,, J,,, aOne anterior projection of the clustered interueurons fasciculates with the pCC projection. bThe pCC interneuron projects ipsilateral posterior (see also Section 2).
bodies is correlated with an increased number of interneuronal axon projections (data not shown). Thus, in hkb embryos the abdominal NB 1-1 lineage appears to produce additional interneurons at the expense of glia.
Taken together, the NB I-1 lineage in hkb embryos shows defects in neuronal/glial specification (absence of glia and additional interneurons) as well as pathfinding defects of both interneurons and motoneurons. Some neurons in the NB 1-1 lineage appear normal (aCC/pCC, which are the first-born progeny of NB 1-1, and a pair of interneurons). This is expected because hkb is only expressed in the NB 1-1 lineage after one or two GMCs are born (Chu-LaGraff et al., 1995) .
huckebein is required for correct axon pathfinding, but not glial specification, in the NB 2-2 lineage
We obtained 47 NB 2-2 clones in wild type embryos (nomenclature from Broadus et al., 1995; previously called NB 2-3 in Doe, 1992) : 21 in the thorax and 26 in In wild type embryos, the basic components of the NB 1-1 clone are the aCC motoneuron (red), the pCC intemeuron (blue), and a cluster of interneurons (gray) forming a prominent fascicle projecting posteriorly in the ipsilateral connective. In addition, there are segment-specific components: (A) in the thorax, the cluster includes 1-2 motoneurons (filled triangle points to axon); (B) in the abdomen, there are three subperineural glial cells (A-SPG, B-SPG, LV-SPG, green). (C-I) In hkb embryos, the aCC and pCC projections are normal except an occasional abnormal posterior projection of the pCC (H); this was also observed at low frequency in wild type embryos. All clones contain interneurons which have abnormal contralateral projections; in addition, abnormal ipsilateral axons run anteriorly (C-E) or along the multiple longitudinal tracts (C,E). In the thorax, the motoneuronal projection is missing (G,I) or terminates prematurely (C,E); most of these clones contain a large dorsal cell of unknown identity (brown in C,E,G). In the abdomen, all three glial cells (green) are missing (D,F,H). Dotted lines mark the outlines of the neuropil; the outline of the ventral cord is marked by solid lines; a, anterior commissure; p, posterior commissure; con, connective; dvc, dorsoventral channel demarcating the segment border. the abdomen. The lineage was linked to NB 2-2 because 27 out of 31 clones of this type were obtained from a NB identified in vivo as NB 2-2 (see Section 4) (Bossing et al., unpublished results) . NB 2-2 and NB I-1 are adjacent NBs that both express hkb (Chu-LaGraff et al., 1995) and their lineages share common features. Whereas NB 1-1 gives rise to the A-SPG and B-SPG in abdominal segments, NB 2-2 gives rise to the A-SPG in thoracic segments (there is no B-SPG in the thorax) (Udolph et al., 1993; Ito et al., 1995) . In wild type embryos, the thoracic NB 2-2 clone contains 12-14 cells, including the A-SPG, two or three motoneuronal projections and about ten interneurons (Figs. 5A,B and 6A; Table 2 ). The motoneurons have a tightly fasciculated ipsilateral projection out the SN. The interneurons project contralaterally across the anterior commissure. The abdominal NB 2-2 clone contains 12-16 cells and differs slightly from the thoracic clone (Figs. 5A,B and 6B). There is no glial cell, and a thicker interneuronal fascicle turns anterior after reaching the contralateral connective, terminating in the next segment. However, the projection pattern of the abdominal and thoracic motoneurons are similar.
We labeled 9 NB 2-2 clones in hkb embryos; 7 of these clones (3 thoracic, 4 abdominal) were photoconverted and examined for cell numbers, positions, and axon projections (Figs. 5C-F and 6C-F; Table 2 ). In hkb embryos, all thoracic clones show the normal number and type of cells: the A-SPG, 2-3 motoneurons, and about 10 interneurons. In two thoracic clones, there are interneuronal and motoneuronal pathfinding defects; the interneuronal projections have small ectopic ipsilateral extensions, and the contralateral bundle is loosely fasciculated. In addition, the motoneurons leave the CNS through the wrong fascicle and terminate just outside the CNS prior to reaching their target muscles (Figs. 5C-E and 6C,E). The third thoracic clone appears normal. The abdominal NB 2-2 clones also show pathfinding defects (Figs. 5F and 6D,F). The motoneuronal projection terminates within the SN (n = 3) or is not detectable (n = 1). The interneurons have variable axon pathfinding defects; they can project ipsilaterally (instead of contralaterally) or cross irregularly through the CNS cortex (Figs. 5F and 6D,F; Table  2 ). Taken together, in hkb embryos NB 2-2 produces the normal number, position, and type of cells (interneurons, motoneurons and glia), but there are striking defects in axon pathfinding of both interneurons and motoneurons.
Lineages of NBs not expressing huckebein
We also labelled the lineages of the NBs 1-2, 2-1, 3-1, 3-2, 4-1, 5-2, 5-3, 6-1, 6-2, 7-2 and MP2 (data not shown) which do not express hkb (Chu-LaGraff et al., 1995) . In hkb embryos (n = 172) these lineages showed no obvious defects with two exceptions. These results suggest that the observed phenotypes are strictly due to the loss of hkb, rather than 'background' mutations on the hkb 2 chromosome (since the defective lineages are correlated with loss of hkb expression). In wild type embryos, the NB 2-1 delaminates from a region of neuroectoderm that expresses hkb, but NB 2-1 itself has no detectable hkb RNA (Chu-LaGraff et al., 1995) . NB 2-1 normally produces a clone of 6-10 interneurons, with one axon projecting contralaterally through the anterior commissure and the remaining axons having ipsilateral endings (Bossing et al., unpublished) . In hkb embryos, about half the NB 2-1 clones have no contralateral projection, in one clone there are 2-3 axons with contralateral projections, and in one clone the contralateral projection is in the posterior commissure (n = 11). In wild type embryos, NB 6-1 never expresses hkb and generates a clone containing 10-16 interneurons with contralateral and posterior ipsilateral projections (Bossing et al., unpublished) . In hkb embryos, we observed 15 NB 6-1 clones. Ten clones are normal; two clones show half the normal number of cells and another clone shows an increased number of cells, but all 
Discussion
The hkb gene encodes a predicted zinc finger transcription factor that is expressed in just 9 of the 30 CNS precursors per hemisegment (Chu-LaGraff et al., 1995) . In this report we focus on hkb function in the wellcharacterized NB 1-1 lineage, and an adjacent precursor with a related cell lineage, NB 2-2. We find that hkb is required in the NB 1-1 lineage for the development of identified glial cells, and in both lineages for proper interneuron and motoneuron axon pathfinding.
Cell autonomy of huckebein function
There are several indications suggesting that hkb acts cell autonomously. First, the lineages of most NBs that normally do not express hkb are unaffected by loss of hkb. There are two exceptions: NB 2-1 (reproducible pathfinding defect of a contralateral projecting interneu- Fig. 6A,B ; the clones in (C,E,F) correspond to the drawings in Fig. 6C ,E and F, respectively. Bar, 10/~m. ron) and NB 6-1 (variable cell number and pathfinding defects), hkb is expressed in the neuroectoderm from which NB 2-1 delaminates (Chu-LaGraff et al., 1995) . It is possible that loss of hkb in the neuroectoderm leads to autonomous pathfinding defects in the NB 2-1 clone; altered neuroectoderm gene expression is known to affect NB identity (Chu-LaGraff and Doe, 1993; Skeath et al., 1995) . It is also possible that NB 2-1 and NB 6-1 produce neurons whose correct pathfinding depends on cues normally provided by progeny of hkb-expressing NBs. This is not unexpected, since axon pathfinding is an interactive event between growth cones and the existing cellu-lar and axonal environment (Goodman and Shatz, 1993; Goodman and Doe, 1993) . Given the axon pathfinding abnormalities observed in progeny from the NB 1-1, 2-2, and 4-2 lineages (this paper; Chu-LaGraff et al., 1995) , and assuming the other six hkb-positive lineages also produce progeny with pathfinding defects, it is surprising we do not observe more non-autonomous defects in axon pathfinding. Second, hkb is not expressed in lateral body wall tissues (Chu-LaGraff et al., 1995) that provide the guidance cues for motoneurons. Thus, motoneuron defects in the NB 1-1 and 2-2 lineages are likely to be autonomous. Third, NBs affected in hkb embryos show defects restricted to a subset of their progeny. For example, in the mutant NB 2-2 clone there are normal anterior commissure interneuronal projections, and in the mutant NB 1-1 clone at least the aCC/pCC neurons are normal. This suggests that there are not general neuropil defects.
huckebein regulates glial development
In the abdominal segments NB 1-1 gives rise to the aCC motoneuron, pCC interneuron, a cluster of local interneurons, and three identified glial cells (Udolph et al., 1993) . In hkb embryos, the NB 1-1 does not produce the three glial cells, but an average of three extra cells with neuronal morphology are observed. Thus, hkb appears to be required for the acquisition of glial fate in the NB 1-1 lineage. A second transcription factor, encoded by the engrailed gene, has been implicated in triggering glial production midway through the median NB (MNB) lineage in the grasshopper embryo. Like NB 1-1 in Drosophila, the MNB produces neuronal progeny before switching to glial progeny (Condron and Zinn, 1994) . In the absence of engrailed function the glial cells do not develop and extra neurons are generated (Condron et al., 1994) . This is similar to the predicted function of hkb in the NB 1-1 lineage in Drosophila.
Adjacent to NB 1-1 is NB 2-2, which has a related cell lineage. Whereas NB 1-1 produces the A-SPG glial cell in abdominal segments, NB 2-2 produces this cell in the thorax. Although hkb is required in the NB 1-1 lineage for A-SPG specification in abdominal segments, it is not necessary for A-SPG development in thoracic segments. A possible explanation is that hkb is expressed early in the NB 2-2 lineage (perhaps before the production of the A-SPG cell), whereas it is expressed midway through the NB 1-1 lineage (perhaps at the time the late-born A-SPG is produced) (Chu-LaGraff et al., 1995) . This is consistent with expression of the repo glial marker, which shows that the thoracic A-glia from the NB 2-2 lineage appears around stage 15, well after hkb expression, whereas the abdominal A-and B-glia in the NB 1-1 lineage appear at late stage 12, near the time of hkb expression in this lineage (Urban and Technau, unpublished data). Taken together, it is clear that hkb can specify glial fate within one NB lineage (e.g. A-and B-SPG fate in the NB 1-1 lineage), but does not specify this particular cell fate in a related NB lineage (e.g. A-SPG fate in the NB 2-2 lineage).
huckebein regulates interneuron and motoneuron axon pathfinding
In hkb embryos we observe striking defects in the projection patterns of a subset of interneurons and motoneurons in the NB 1-1 and 2-2 lineages. In the NB 1-1 lineage, some or all of the interneurons have contralateral projections; this never occurs in wild type embryos. Similarly, in the abdominal NB 2-2 lineage, interneuron projections do not traverse through the anterior commissure as normal; instead they freely project contralaterally through the cellular cortex or stay ipsilateral. With the exception of a single clone containing normal motoneuron projections, the motoneurons terminate prematurely, in the nerve root or just outside the CNS.
How does loss of the putative transcription factor encoded by the hkb gene lead to axon pathfinding defects? It is unlikely to be solely due to non-autonomous defects in cells or tissues required for axon pathfinding (see above). One possible explanation is that hkb is expressed in the interneurons and motoneurons at the time of axonogenesis, and directly regulates genes involved in oriented outgrowth of the growth cone. hkb RNA is undetectable in the CNS by the end of stage 13 except for a small group of lateral cells (Chu-LaGraff et al., 1995) ; thus it is unlikely to be transcribed at the time of axonogenesis for the later-born interneurons in the NB 1-1 and 2-2 lineages. However, it is not known how late hkb protein persists in the CNS. A more likely explanation for the axon pathfinding defects is that loss of hkb leads to cell fate changes in the NB 1-1 and 2-2 lineages, ultimately resulting in aberrant axon pathfinding. This appears to be the case in the NB 4-2 lineage, where hkb is required for the expression of the cell fate marker even-skipped in the first-born GMC 4-2a. Subsequently, one neuron derived from this GMC, the RP2 motoneuron, shows defects in axon pathfinding (Chu-LaGraff et al., 1995) .
Despite abnormal pathfinding of many neurons derived from NBs 1-1 and 2-2, certain features of these clones always appear normal (cell number, cell position, and a subset of axon projections). These wild type characteristics allow us to unambiguously identify the mutant clones, and indicate that the fate of the NB is not drastically altered. For example, the NB 1-1 lineage in both wild type and hkb embryos always contains the characteristic aCC motoneuron (projecting out the ISN to dorsal muscle 1) and pCC interneuron (projecting anteriorly for several segments in a medial longitudinal fascicle). The conserved features of each clone show that loss of hkb does not transform NB 1-1 or 2-2 into a different NB; rather, hkb is required for glial development (in the ab-A C ,' ii~,iil -~ ~ĩ iii!i!ii,:
,'-; (-,~" , ,. dominal NB 1-1 lineage) and correct interneuronal and motoneuronal axon pathfinding (in both NB lineages).
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Experimental procedures
Fly stocks
DiI labellings (see below) were performed in embryos from a hkb 2/TM3 stock (hkb 2 is a strong hypomorphic allele) (Weigel et al., 1990 
Labeling procedure and in vivo identification of the neuroblasts
DiI labeling of individual progenitors was performed as described in detail elsewhere (Bossing and Technau, 1994) . The cells were labelled in the ectoderm during embryonic stage 7/8, about 10 min after the onset of gastrulation. Up to 4 individual cells were labelled in one embryo. The distance between each progenitor was at least one segment to avoid overlap of the resulting clones.
The NB delamination stages (S1-$5) (Doe, 1992) were defined by using the synchronous first division of Table 2 ). Dotted lines mark outlines of the neuropil; the outline of the ventral cord is marked by solid lines; anterior (a) and posterior (p) commissures; longitudinal connectives (con). the midline cells as time reference. Cells which were fully segregated 30 min (stage 8 to stage 9), 30--60 min (stage 9 to beginning of stage 10), and 60-100 min (stage 10) after this division were classified as S1, $2 and $3 NBs, respectively. NBs segregating between middle of stage 10 and beginning of stage 11 were scored as $4 NBs.
In most cases the labelled cell was observed periodically until the middle of stage 11. The inspection of labelled cells in vivo was done through a fluorescein filter set using halogen light. Under these conditions labelled cells can be irradiated for several minutes without causing developmental defects. NBs were identified according to the following criteria: dorso-ventral position in the NB layer, anterior-posterior position in relation to the tracheal pits and the parasegmental furrows, time of segregation (see above), and the shape, number and position of the NB progeny.
The embryos were allowed to develop until the middle of stage 17. In homozygous hkb 2 embryos the yolk is ectopically displaced (Br6nner et al., 1994) . This can lead to a deformation of the ventral nerve cord. Therefore, at the end of stage 16, 10-30% of the yolk was removed with a capillary and replaced by Schneiders Medium (Gibco). Wild type embryos treated the same way show no defects (n = 5). At stage 17 the clones were inspected using a rhodamine filter set and a mercury lamp. Afterwards most preparations were photoconverted as whole embryos (see Bossing and Technau, 1994) or after dissection to expose the CNS. A detailed protocol is available on request.
lmmunocytochemistry
Embryo fillets were incubated for 2 h at 37°C with rabbit anti-repo antibody (4a3) (Halter et al., 1995) diluted 1:100 in PBT (0.33% Triton X-100, 10% calf serum and 0.02% azide in PBS), washed with PBT and then incubated for 2 h at 37°C with the HRP-conjugated goat-arabbit (Dianova) diluted 1:500 in PBT. The HRP was detected using 0.5 mg/ml DAB and 0.03% hydrogen peroxide. The fillets were mounted on coverslips in 90% glycerol in PBS. For double staining of the photoconverted preparations, primary antibody was incubated overnight at 4°C. The staining was enhanced by the use of a biotin coupled secondary antibody (Dianova) in combination with the Vectastain ABC Kit (Vector Labs). NiCI 2 (0.06%) was added to the staining solution to give a dark blue product.
Whole embryo immunofluorescence was done with rat a-RK2 (1:1000; A. Tomlinson), rabbit a-eve (1:5000; M. Frasch), and mouse afl-galactosidase (1:2000; Promega) according to Spana and Doe (1995) . Secondary antibodies used were donkey anti-mouse conjugated to LRSC, donkey anti-rat conjugated to Cy5, and donkey anti-rabbit conjugated to DTAF, all at 1:400 (Jackson Immunoresearch, Inc). Embryos were mounted in 70% glycerol with 4% n-propyl gallate (Sigma) and imaged on a BioRad MRC 1000 confocal microscope.
